31 JAN 2007 1 SEPARATI ON DEVI CE TO REMOVE FI NE PARTICLES Field of the

I nvention This invention pertains to cyclone separators, equi pped w tme}JAN 007
plurality of closed-bottom cyclones each having solids discharge neans an(}
gas reflux neans, used to recover catalyst fines in the fluidized catalytic
cracki ng of heavy 5 hydrocarbon feeds. “More particularly, the invention
relates to the di SCOS\[/EﬁJr ffb%' nhibition.of cross talk between the solids

di scharge neans and é’ﬁﬁ% DEVIGE ROLREMQYE FINE PARYCLESe | nventi on

Cycl one separation is used to separate particles fromgas. A particulate- io0
| aden gas st i ed into a cylindrical chanber. A spin is inposed

on the gas, either thYn\Fefhﬂgﬁﬁéhﬁhs Q@@%&lér@séﬁarﬁéfsaleqﬁléﬁéa hnfthy §9MFHH%§01W th
swirl. vanes. Solids are thrown he chanber by inertia, while

a cl eaner g@!@se%bﬂmlﬁd%&meﬁr@ﬂﬁhah%‘ém ©glids sischarast mteﬁ@s @l gafe refsne gas

exits with t E‘g]sm v, Iet
t hrough a si é%vavap 1 e 1@9&{1&%{ éﬁ@esd@rstﬁgi‘lpgﬁ@d dﬁ% ar ggﬁﬂékﬁﬂere are many
types of sychwyitecabpariaeds.s, M'tmt pamewaﬁxadhbenwmmrmlateg to dhas:hwq\fed' as

For i mpr ovi rgd HATEfEn ek R PeREn otk e Wech A" RS SaBb¥ i =
cycl ones havgsflaxgessrsal |y cylindri cal body which is essentially closed save
for 20 one o re feed inlets .having usually only one gas outlet and a
solids outl eﬂwaﬁm ones are effectively isolated fromthe
atnosphere of a @ éﬁé s@;ﬁmbmmlsngsem@ s@m}a@@gamae@srﬁﬁn Ak Apatielnes
usually run at a s htly, | ower pressure than the

her or sli

at npsphef@ i ladeRan SEIP W%H”?%'nt%y"c%@%%all £hamees uAeSHIR i$ HBPRSES one
body i's hi ghgh thBagks! e 85SuhGertel SHERok 9 BalCHSIRIE colled vilbeshie! one i s
a positive pressure cyclone: pressure in the cyclone body is |ower than
the pr essur eVajass (Splids [ee &f@WBﬁ@ T’?%@fﬁ”toﬁéh%y‘ﬁﬁrﬁh@’ Py inegisn auleia/eleph@ssur e
cycl one. t %g@n S e
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cycl one dy l.ng me end of the cyclone receiving feed
gas. The%s)ol } s&z{rﬁ)é1g °'t55{‘f‘]§’ C{hﬁﬁ%@a

There are many types of cyclone separators, but they can be arbitrarily

classified as open-bottom or closed-bottom. The present invention is especially
useful for improving the operation of closed-bottom cyclones. Closed-botiom

cyclones have a generally cylindrical body which is essentially closed save for

20 one or more feed inlets, having usually only one gas outlet and a solids outlet.

~ Closed-bottom cyclones are effectively isolated from the atmosphere of a

vessel containing the cyclone. Closed-botiom cyclones usually run at a slightly

higher or slightly lower pressure than the atmosphere in the vessel around the

cyclone. If pressure in the cyclone body is higher than the pressure outside the

25 cyélone, then the cyclone is a positive pressure cyclone. If pressure in the

cyclone body is lower than the pressure outside the cyclone then the cyclone is

a negative pressure cyclone.

In a closed-botiom cyclone the feed gas is generally added tangentially

to an end portion bf the cyclone body. The gas outlet is usually a tube, axially

30 aligned with the longitudinal axis of the cycione body, passing through the

same end of the cyclone receiving feed gas. The solids are usually withdrawn

via an elongated dipleg at an end of the cyclone body opposing the gas outlet.

In a third stage separator (TSS), discussed below, the solids are sometimes



via an elongated dipleg at an end of the cyclone body opposing the gas

outlet. In a third stage separator (TSS), discussed below, the solids ajgy 2007

sonmetines 31 JAN 2007 -2 withdrawn via a horizontal slit or slot in the

wal | of the cyclone body, and wusually at an end opposite fromthe gas

outlet. Sonewhat related. to the distinction between open- and cl osed-bottom

cyclones is whether or not the cyclone dust outlet shares the sanme space (or

5 vessel volune) as the gas inlet or is_BsoIated. When cycl ones receive feed
S

gas from and, qdi r ' f Ly L e Lui i, C acki ng
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inlet. It was always assuned that because the dust catcher was

essential |y Jeaeraiaidiagandlisieeegayitiotrids dotugt ieadiplegsseciradaiggtyret t han
woul d be remgyed i tiid Bed %0k mﬁiétQ%Vigqnftﬁ@géths%ﬁF ceatigbRlie unti|
the innovation to use a gas reflux I'n the outlet end of the cyclone as
descri bed i riram Soligatceiiet B, ¢85 fees0intey achabmsnbecagse dhe soligd ehtlgtsantegashy
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in U.S. Patent 5,681,450 to Chitnis et al., which is hereby incorporated in its

entirety for ali purposes by reference herein.

20 Briefly, the problem solved by the Chitnis et al. patent can be mentioned
now as follows. in some types of cyclones, and in some cyclone placements,
vapor recycle from the solids outlet to the feed gas inlet is not a éignificant

(\ problem. In open-hottom cyclones, pressures are essentially in balance inside
and outside the cyclone. Some gas always leaves with or is entrained or

25  aspirated with departing solids flow. Such gas, beyond that which is .eventually
removed with the separated solids, easily returns into the opén body of the
cyclone. In closed- or open-botiom cyclones where the dust outiet shares the
same vapor space as the cyclone feed gas inlet, gas recycle is never a
problem. The problem appears in generally closed cyclones where gas

30 discharged with solids from the device has no easy way back into the cyclone,
but the problem can appear to some exient even in open-bottom cyclones.

In fluid catalytic cracking, catalyst having a particle size and color

resembling beach sand circulates between a cracking reactor and a -catalyst



but the problem can appear to sone extent even in open-bottom cyclones. In
fluid catal ytic cracking, catalyst having a particle size and col or 31 JAN 007
resenbl i ng beach sand circul ates between a cracking reactor and a catal y@!
31 JAN 2007 -3 regenerator. 'In the reactor, hydrocarbon feed contacts a
source of hot, regenerated catalyst. The hot catal yst 'vaporizes and cracks
the feed at 425C to 600C, usually 460C to 560C. The cracking reaction
deposits coke on the catalyst, thereby deactivating it. The cracked
products are separated fromthe 5 coked3catal yst. The coked catalyst is
stripped of '¢EERRREINs INUGalreactal IWOERGRAPRN iTRCd aCUHAGHS Y&t SAHres pPlenOhnd t he
stri pped ‘Catr@PMﬁéraie% {;]QSIS}sE GHEHot dhflyst ﬁﬁﬁor"r‘z%%aér)esfrﬁcﬁseﬁ%' ‘I%bgfeeﬂrﬁg‘é%”s coke
fromthe cataFyst wth oxygen-contal ning gas, usually air. coking

rest ores cattal§FCaosiallyt4608Gdo 66Tt dine staokinghieackon depasits absonttbe e. g.,

500C to 900C_. usua 0 ' i t [,S..re I ioto
the cracki ngce}tég#t kﬂéf?l%’ g%%%&a@é: ?H‘gsc a&‘ggﬁgﬁ‘ﬁé%ﬁé%@%’dﬁ%@ tﬁgr ni ng
coke in tshe cokgdoatsysir Thayoked datalgdtdsl sfripped efovlatilesf uguaily imithstdaes, iand f or
conversion of car after which the flue r nal

bon, nmonoxi de as | I
G scharged 3 FEBIERGRRRL efdpe Stesred SRR baR TFacieeiens 1B Getalftor t he
cycl one causegeReraltt aningicokd Fropp i chRiysviviith Gygbnceheariny gasatiabangt -
fi nes-1 aden gas_passi ng throuqh the cyclones. Refiners do not |like to use

hi gh i nt er na-BRACKING GEOMRS ¢at@lyst alvithpRd SURYIABRCYYY PRRNMIBR CAIRMET 8% the
‘need to inproye sppet 90084, GduaNg BooTH S FEC. Uid nERel c@%ﬁ‘qfs@ﬁ§ré%y&l@9m
exceeding local emission limts on particulates. _The catalyst i$S sonewhat
ex \[f.nsi ve),  dadhawsacking reackive ol margirpalh éepd: ohkleagas2iorpad Ayysning

i nventory. ECG _uni ' n y 'FH,L{I- r

circul ation cr(t;giiteeirseI ghr%e?érgee@gtag&ﬁgtagué%q&ge ?%rt gésm%’r%g cfn r ge@l%}lﬁ% E?qfc)'r foévery ton
of ¢ oil creawivetsion olcarbgn Manonisiepsiteravkitly the Bue gas sdedmaihdisehargede

anounts of c¢ gﬂ;ﬁ e renmoved from cracked products |est the heavy
hydr ocar bon ﬁ#oathg?ttrg - eeég'nt am nated with catalyst 25 fines. Even with

several stages ofOwy ddilbne mesgainatCOnNs swosor af iy syclénenesuseavisy yedrsyofr emai n
L e SSREARRY SR K PR BoceRRR kb B R G BERHEL | o
the slurry aiycldresarketinge doiabt et & ysé High presentycidief valecitiesTeyutl 2t this
g? E)SLIC?IngSI' tdr%v%naiott%grl% gcaadslezoalf\’ tﬁg rrr’n%eg%ri?n'prr]gv% gg%tk%l 8 icitegcs(rj.r %e%{)
unit must operate without exceeding local emission limits on particulates. The
' cat_alyst is somewhat expensive, and most units have over a hundred tons of
20 catalyst in inventory. FCC units circulate tons of catalyst per minute. Large
circulation rates are needed because feed rates are large, and for every ton of
C : ' oil cracked, roughly 5 tons of catalyst are needed.
These large amounts of catalyst must be removed from cracked
products lest the heavy hydrocarbon products be contaminated with catalyst
25 fines. Even with several stages of cyclone separation some catalyst fines
invariably remain with the cracked products. These concentrate in the heaviest
product fractions, usually in the main FCC fractionator bottoms, sometimes
called the slurry oil because so much catalyst is present. Refiners may let this
material sit in a tank to allow some entrained catalyst to drop out, producing
30  CSO0 or clarified slurry oil.
The problems are as severe or even worse in the regenerator. In
addition 1o the large amounts of catalyst circulation needed to satisty the

demands of the cracking reactor, there is an additional internal catalyst



30 CSO or clarified slurry oil. The problens are as severe or even worse in
the regenerator. In addition to the | arge anobunts of catal yst ci rC“B@UAﬂ%U?
needed to satisfy the demands of the cracking reactor, there is an
additional internal catalyst 31 JAN 2007 -4 circulation that nust be dealt
with. In nost bubbling bed catal yst regenerators, an anount of catal yst
equal to the entire catalyst inventory will pass through the regenerator
cyclones every 15-30 m nutes. Mst units have several hundred tons of
catal yst inventory. Any catal yst not re@overed using the regenerator s
cycl ones, t\@hcE&tPY tla%irmvstshengealwt@t!aga@stdwbémgB satafyist regesgrEaPSwi t h t he
regener at or tiRi I I I

preci pi tatora]crll moggﬁn%j dé(ﬁ;ir|f§?%99?let%)5/§ ﬁs’t@%‘eaﬁﬁg a ﬁf&(r]y \g?l co%gﬂﬁhsgbllﬁ:ee cost.
Many ref i nerggeRatpr myalenes evene §- SQyEItr@mS M@tmsgga\nensm@tal ergeerer at or

flue gas dr| J I

anount and péﬁ$|oﬁr%@$/gé 'RL%& Z\LH?’ élt?r@%t ﬁécrétcg Y%J%gg%s@giqﬁ ”&%@an the C
regener atsor dysloaesugypidady eromtmstng lm;m&t@eadels cyd‘lomaoomﬂrrenmtmmtry flsystemis
install ed. Ceneral {%éa third ara s, I sta | ed. %H%streamof

the turbind®gg¢'alffidle e E’H?%ﬁ 83?" t&&?ﬁﬁp%{ﬁ 8 pPIEEIERS TRiGRreERIEoReT b ades,

especi al |y doh@as@ant ieeloRal Qé@@tﬁddeﬁ%ﬁc&@sudﬁfhbl@ cekgze. Sone refiners even
now i nstall 15 el ect rostatic precipitators or some other particulate renoval

stage downst reamMIY (@liness HS8g@ POWEF JEEPEraRYSIan -biTHEs BBV uit FEC r educe

fines em Ss'r@?éneryﬁiwlu%ga'sﬂﬁfvés"!ﬁéVaH%\Mérgsh afyfdg%.ﬁftpmetr@géﬁerﬁmgﬁh&ycl ones
to decrease oss of catal yst fines and Elﬁ%?t ect power recovery

turbi ne 1l adwrount;ands paticle pe rﬁirifme@n!édmpﬁtal:cwn GeF sieems axngmgig!ae
seﬁar ator i Sre!r:léﬁ(—grafo(? i§ 'e‘ﬁ@ﬂ%ﬁ’@o ol URPRE A1 bes lée?ﬁ Pecfo &sRirR%e

separator is typical used to process the under (soli s rlch portion)
di schar ged fmﬁmladqeGemrakty ot tiyd sleparseparatorGast isCinstdlignegpstieatrhef filwair t h

oL 202 SEP 3 Rln gl L D eRBRE o Lrbl St RGBSR 22, | e

anount of gas Grged i e flue
gas is rerm\mnlnvparhclednegrsmbr dlsardiwchmr gedizbr Gonteheefiners evebagey i2Sall

e oot st AeaRA0T 9L Sobh e e R A A e i T
third stage ofsieiphsiatesepdrators hes eurbieas tnsrthemetlicsiines gaissionses and
relatively |ow gﬁar\{yonlfelflnrirgrsé’ now use high efficiency third stage cyclones to decrease
loss of FCC catalyst fines and/or protect power recovery turbine blades. It
should be mentioned that whenever a third stage separator is used to clean up
20 regenerator flue gas a fourth stage separator is typically used to process the
underflow {solids rich portion) discharged from the third stage separator. Gas
volumes in the fourth stage separator are small because third stage cyclone
( designs minimize the amount of gas discharged with the solids. Typically 0.5 to
3% of the flue gas is removed with the solids discharged from the third stage
25 separator. Third stage separators limit gas discharged with solids (gas in the
underflow) to that needed to fluidize and discharge solids from the third stage
separator.
For these reasons, small size particles and relatively low gas volumes,
the fourth stage separator generally comprises small diameter cyclones, a hot
30  sintered metal or ceramic filter, or a bag house.
Most refiners are satisfied with their primary and secondary cyclones or
equivalent means for recovering catalyst from flue gas and discharging

recovered catalyst back into the regenerator. The troublesome separation is



the fourth stage separator generally conprises snmall diameter cyclones, a
hot 30 sintered metal or ceramc filter, or a bag house. Mst refi negiﬁpg 07
satisfied with their primary and secondary cyclones or equival ent neans P
recovering catalyst fromflue gas and di scharging recovered catal yst back
into the regenerator. The troubl esone separation is 31 JAN 2007 _5
downstream of the, regenerator in the third stage separator or TSS unit. The
TSS nust produce gas with essentially no 50§1rt\i cles greater than 10 m crons

(when power recovery turhjnes are used) and/or._achi eve suffigient. renoval of
(1'nee o et SaStaash & JhF FRediTaBE i IstitiirorpB8 epretSEonGaE HIt gy
efficiency thrsg musgerdiiieargsowsh tespestrily nohparticle® ¢reattd@nat Jomarceorsnal |

di aneter cyclones. One type of third stage sep&&ator is described in
"I nproved Hot {WRED BRPEHIRSPYEIMIRIRRS Rieai3esh api(Rs aghieve siyjigientdepnal of

Pr ocessi ng, I\/ﬁﬁmolrﬁggl.erﬁggoﬁgﬁgﬁgmgﬁsﬂ%@g%n}%gg_, a 26-ft di anet er vessel .
Cat al.yst | aden flue gas passes through nany swrl tubes. Catalyst is thrown

i 0 agai nst5the tubWogam. Sighetteiangy thiig atageseparatorsdspicgshave 54 tohtidemn up
via a -centra t ! iJ j F i .
bl oudonn sl ot o7 SEhetel Bidie, ErEtlnd B Ml S DALREE: IS AR I

m cron and | allgwrovesarHdtehass . ExXpaademi Foprate $xackaabble B&G,"00drdistoour of -

flue gas cont g ning. 30 u f rticle angi ng, from sub-m cron fines
to 0 m cron Erdieadiog: Nk YeP8 Tf el s iR BB, A0 HBrige: Hefiae,

| oadi ng of abgatai@E8Oaded No8.gabheasses ithoulghadamg soirl wibdso Catalystl iprte®winn
various parts of the F rocess varie reatly. The third stage separator
has the a8t - BBRINFCE BeoRaIREY SRMTHCEL oS0 FIdsY 6P 6 WMSEWHLHG I\ e
prinery separ g dagiutiat tubedohile9tofard AR ch@lgedShFcRGBMAbYbIovdbvEn SiBts be put
into perspective by consideri nq 20 what hggpens in an exenplary FCC unit. In
this exenpl ar {' thei basenal a pateltiteer The Bgyies semovrd 5shd OUBICHRE ARC 188 A

goi ng from t hg,Bticdbre ARA FREREERBYoUtSHR AREBs/MBLI BOMid18ad BbdthiRingsRipar at i on
of catalyst fromflue gas in the regenerator through the TSS as fi nal

separation f ofosfhsr ghpasiolesarangingeron dylrraicean tines 1 PO Mickd BTl ratalpt hdr awn

b st o "FBRERE TRRSchbamIAS T floeilig pdRS TGRS D 1o O L0

of 215 ng/ NnB. 31 T selidy loading on various cyclones in various parts of the FCC
process varies greatly. The third stage separator has the most difficult
separation in terms of particle size, while the primary separators typically do
99% of the solids recovery. This can be put into perspective by corisidering

20 what happens in an exemplary FCC unit. In this exemplary unit the separation
progresses as shown below in Table A, going from the primary and secondary
cyciones making the initial separation of catalyst from flue gas in the
regenerator through the TSS as final separation for the gas stream. The
separated dust from the TSS is withdrawn to the fourth stage. Gas from the

25  fourth stages merges with that of the third stage. Total emissions are 0.0474

tons/nr, corresponding to a loading of 215 mg/Nm?®.



-6 TABLE A CYCLONE STAGE 1st 2nd ,3rd 4th CYCLONE I NLET 5 Tons/hr solid

500 5.0 0.15 0.108 Average particle size, mcrons 65 40 13 17 Tonségngﬁ§m7
10 275 275 275 8 Weight gas/weight solids 0.55 55 1833 74 CYCLONE

OQUTLET Tons/hr solid 15 5.0 0.15 0.042 0.0054 Average particle size,

mcrons 40 13 1.5 5 Tons/hr gas C 275 275 267 8 20 %gas via gas outlet 100
100 97 100 % solids renoval /stage 99 97 72 95 CYCLONE SOLI DS QUTLET 25
Tons/hr solid 495 4.85 0.108 0.1026 Avegage particle size, mcrons 65 41 17
18 Tons/hr gas 30 TRBE 8 -0 %gas via solids outlet -0 -0 3 -0 weight

gas/ wei ght sotids CYCLONE STAGE
(3 i}

1 2 3" 4"
CYCLONE INLET
5 Tans/hr solid
500 5.0 0.15 0.108
Average particle size, microns
65 40 13 17
Tons/hr gas
10 275 275 275 8
. Weight gas/weight solids
0.55 55 1833 74
CYCLONE GAS QUTLET
Tons/hr solid
15 50 0.15 0.042 0.0054
Average particle size, microns
_ 40 13 1.5 5
(" Tons/hr gas
275 275 267 8
20 % gas via gas outlet
100 100 97 100
% solids removal/stage
99 97 72 95
» CYCLONE SOLIDS QUTLET
25 Tons/hr solid
495 4.85 0.108 0.1026
Average pariicle size, microns:
65 41 17 18
Tons/hr gas
30 ~0 ~0 8 ~0
% gas via solids outlet
~0 ~0 3 - -0
weight gas/weight solids
~0 ~0 74 ~0
35 The total solids throughput per cycione is expressed as tons per hour.

The average panicle size of the solids feed to each cyclone changes markedly.

C Larger particles are preferentially removed so each downstream stage, through
the third stage, sees fewer solids with a much smaller particle size distribution.

The first stage or primary cyclones do most of the work, generally

40 recovering more than 29% of the total solids in a single stage. The first stage

cyclones also have the easiest job, in that the pariicles are relatively large,

around 60-80 microns, there are large amounts of gas available o generate

centrifugal forces, and the discharge of significant amounts of flue gas down

the cyclone dipleg has no adverse consequences. The solids loading is high.

45  The first stage cyclone removes large amounts of solids using large amounis of

gas to generate cenirifugal forces. Some gas is discharged with the solids, as

gas is needed to maintain fluidization of the recovered solids. This enirained



-0 -0 74 -0 35 The total solids throughput per cyclone is expressed as tons
per hour. The average particle size of the solids feed to each cycl geJAN 2007
changes markedly. Larger particles are preferentially renoved so each
downstream stage, through the third stage, sees fewer solids with a nuch
smal ler particle size distribution. The first stage or primary cyclones do
nost of the work, generally 40 recovering nore than 99% of the total solids
in a single stage. The first stage cyclones also have the easiest job, in
that the particles are relatively | arge,7- around 60-80 microns, there are

| ar ge anount gasosingRly regksiasabrayohdhg dedraelteatalysdrin ihe o uwnefai@teed reiHenst he

di scharge of | the cycl one di pleg has no
adver se consggdug]r%cléfse? {F’tn gﬁ%’ﬂ%?stﬁé é ﬁﬁmggﬁﬁﬂ%ﬁ(@ 45 The first stage cycl one
renoves | arge anoling sseobnmylE&CU’ega@rBwrgefchmeemﬁtods ngas yas gendreat e
centrifugal forces. g%H% iﬁdist:harq?ﬁd Wlthth@ solids, as as is
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regenerator and returns into the inlet horqrg the first stage . or primary
cycl one. TheC VAL U éﬂ%‘H%’P%lt%POW%I restiquigies from gae I1RFAEraed t he
primary CyC'Q&%Sf(hé)%nrﬁé@eé |HesTBIGHY tisidSeda08e Rk ds%xud§qeeﬂiﬂ§§yncw ones s
recover typically around” 95-98% of the solids charged hem  The secondary

cycl ones canseGs¥EiaBr cyelanes FRANIt HEORH §a§f"€ﬂ%ﬁ“ﬂﬁ%m dfteeelsﬁﬁﬂ ofh g%@”&ﬁg’c har ged
fromthe pri Eggfcr idnes thaes- ﬂ?ﬂh@/r 'cgcigﬁééu te?‘é\gést é%dcﬂ%s @%laﬁsmgﬂe

secondary cyclones permit as vel use In sec
cycl.ones 1¢4 hagertrifugal fegs (txwmcmee effidignmyr Thassecehd stageesyadwvehap ahogiher i 0

conlt 11 g3l far eeiel Bod TRAPHE AL 116! S diaeoioFRRRTL R 7S QipEORG S abou

the sanme gas Tl ow as order s”of ess §81 0% snal |
anount s . of saﬂnodstsaofescdndscamardwdalfgedrfmmeheseecmd:l staggeyclpoé alimegh, plitgs, Wit h

smal | anpunts_ g selnt ef|r as smply
reenters theMg Oé{j“é%’? %?S |AS AF 1S SR & ?ﬁ"‘? 3 E@g&%sg Ié’%ﬁ PTBart ~ of
the gas 15 fheeBCOorddemefdtorshtniispherec bisogss bBecraus @ miairpiayt @‘nEEMesgasondary
cycl ones are, so effi , essentially all of the easy-to-renove particles

are renoved SeAdP “E"%Aﬁfsgﬁtﬁ'g%y@? Tyclone separation. Only fines, irregularly
shaped fragments Becdise Srtha@ly\sid, sdcenBany dyblones are so efficient, essentially all

of the easy-to-remove particles are removed after two stages of cyclone

‘separation. Only fines, irregularly shaped fragments of FCC catalyst, remain in

the gas to the third stage separator. Third stage separator cyclone operation is

20 characterized by large volumes of gas and small amounts of extremely fine

- particulates, much of it smaller than 5 microns. Each downstream stage, from

(" the first stage through the third stage, sees less solids and smaller particles.

Much more gas per unit weight of solids is discharged via the solids outlet in

third stage separators as compared to cyciones in the regenerator. On a weight

25  basis, more than 10 grams of gas are discharged per 1 gram of fines

discharged to the catch chamber of TSS cyclones. Contrast this with operation

in first and second stage cyclones in the FCC regenerator, where 1 gram of gas

transports over 1000 grams of FCC catalyst down a dipleg. It can be said that

fram 10,000 1o 100,000 times as much gas is present in third stage separator

30 solids discharge stream as compared to solids discharge via the dipleg of a

primary cyclone. In part because of the relatively small amounts of solids

involved, and large gas volumes, typically 5 orders of magnitude more gas
relative to solids, many T3S cyclones are open-bottom.
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catal ysts to produce nore fines which are harder to recover, and al so tend

to wear out.fEROVEyENENalso g htcemveatioshdle ©xplanes. griigh efficiency (and high
velocity) cyclones increase fines recovery, but the gas makes more turns in the

cyclone body, increasing catalyst attrition.
20 Particie recovery in conventional large diameter cyclones associated
with the FCC regeneraior had reached a plateau. Refiners resoried 1o third

stage separators (TSS) with many small diameter cyclones to increase

™

particulate removal from FCC flue gas. Mechanically, third stage separators
are complex. Many TSS cyclones are needed to handle the large volumes

25  encountered in FCC flue gas streams. Each cyclone is of small diameter and is
mounted either vertically or horizontally. One cyclone manufacturer uses many
small cyclones, 10 inches in diameter, 10 increase centrifugal forces and redube
radial distance to a wall where solids could collect. Since many cyclones are
needed, it is generally necessary 1o install them in a single vessel, acting as a

30  manifold. The TSS unit made it easier for pandicles to reach the wall of the
cyclone by reducing the distance to the cyclone walls. The offsetting factor is
some increase in pressure drop, and considerable capital expense for a unit
which made only a modest improvement in fines removal.
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are carrying out excessive amobunts of gas. At the solids outlet of TSS
cycl ones, ~ t [k@nsiderable kinetic energy in the solids carries gas from the cyclone body.

Chitnis et al. wondered what happens to this gas, and observed significant and

fluctuating flow of gas out of and into the longitudinal slot of test cyclones,

20 which seemed chaotic. Gas from one cyclone flowed into the caich chamber

and then reentered the same cyclone as well as other cyclones. Reducing

( length and width of the slot seemed 1o reduce the gas flow and the interaction
between the cyclones.

_ Chitnis et al. realized the discharged catalyst always carried gas with it

25 into the catch chamber where it had no place to go. Only a minor amount of this

gas was needed for the underflow. Much larger amounis of gas exited the

cyclone, and re-eniered the cyclone in. some way. Chitnis et al. observed

localized pulses of catalyst/gas discharge alternating with reverse flow of gas

back into the barrel siot. This was the only way for gas discharged with the

30 solids-rich phase to retumn to the cyclones from the catch chamber, as there

was not enough gas removed with the solids phase from the bottom of the

device to mass balance the cyclones. Chitnis et al. concluded that all TSS

cyclones unintentionally recycle or reflux gas back through the solids outlet into



consi derabl e kinetic energy in the solids carries gas fromthe cycl one body.
Chitnis et al. wondered what happens to this gas, and observed significant
and fluctuating flow of gas out of and into the |ongitudinal slot of3 t dAK 2007
cycl ones, 20 which seenmed 'chaotic. Gas from one cyclone flowed into the
catch chanber and then reentered the sane cyclone as well as other
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Still, is fu@helar) BPHHVRRLSn N the solids separation in the Chitnis et
al . thlrd stage

The present invention concerns the discovery of secondary re-
entrainment of catalyst particles in third stage separator cyclones, and the use
20 of shields to enhance solid separation and reduce the solids entrainment in the
gas discharge from a low-chaos gas/solid cyclone separator. Cold flow studies
have shown that shields installed on the Chitnis et al. cyclones remarkably
improved their performance. The shields prevent secondary re-entrainment of
catalyst already separated .from the setiling chamber. This secondary
25  entrainment phenomenon is termed “cross-talk.” The shields, preferably in the
form of tubes, function as baffles around the botiom end of the reflux tubes to
substantially inhibit this cross-talk. Particularly where the cyclones are spaced
relatively closely iogether and terminate at different heights, the shields
substantially prevent solids discharged from the solids outlet of an adjacent
30 cyclone from being re-entrained in the gas recycle into the gas reflux openings |
in the cyclones.
In one aspect, the present invention provides an exiernal separator

housing a plurality of cyclones in an external separator vessel. The separator



separator cyclones were desired. Summary of the Invention The present

I nvention concerns the discovery of secondary re- entrainnent of cat ag st
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The gas reflux opening is disposed in the outlet end of the cyclone body, fluidly

isolated from the flue gas inlet at the inlet end of the cyclohe body, for recycling

a portion of the gas discharged with the solids through the solids outlet from the

20 catch chamber back into the cyclone body. The shield extends downwardly

from the outlet end of the cyclone body around the gas refiux opening to inhibit

( solids from being entrained in the gas recycled through the gas refiux opening

into the cyclone body.

The cyclone body is preferably cylindrical and the solids outlet can

25 include an opening in a sidewall for fangential discharge of fines and a minor

amount of gas into the catch chamber. The gas reflux opening can be a hole or

a cylindrical tube having a longiiudinal axis aligned with the longitudinal axis of

the cyclone body and passing through a seal in the outlet end of the cyclone

body. The gas reflux tube preferably discharges gas reflux tangentially into the

30 cyclone body. The feed gas inlet preferably discharges gas tangentially or
axially into the cyclone body.

When the gas reflux opening is a tube, it can extend within the cyclone

body from 0 to 1 cyclone body lengths and/or exiend outside the cycione body



is the outlet end of the cyclone body for discharge of fines and a m nor
anount of gas into a catch chanber in a |ower portion of the externa&
separator vessel. The gas reflux opening is disposed in the outlet e &*%NZMT
the cyclone body, fluidly isolated fromthe flue gas inlet at the inlet end
of the cyclone body, for recycling a portion of the gas discharged with the
solids through the solids outlet fromthe 20 catch chanber back into the

cycl one body. The shield extends dowmmwardly fromthe outlet end of the

cycl one body around the gas refl ux operildg to inhibit c solids from being
entrai ned i ninthéhg astche@pabed fram SUghl e¥rionFaBodelengis o paMirlngnes wed Rehe
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preferably d'bsghar ges gas reflux tangentially into the 30 cycl one body. The
feed gas inl BP%%referably discharges gas tangentially or axially into the

cycl one body. WerThé hpidl@Tahefd Hity eRiedbil® @hhde, BoutUd refefabhabyimgti€sldyitd t hi n
the cyclone body fromO to 1 cyclone body | engths and/or extend outside the

cycl one body8BOREANOMEH £nd. abd infgigrabie hesipctoehapmional pm 67acs ar 8 one
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opening. Either or both of the gas reflux entry into’the gas reflux tube
and the das lwtangodedianyflewen eneoighs gesfreiix whee Ancippepend ghtemhield is

Pr efier abl y, j ' (o) I t e feed
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The shiel d ctamtiratanpt sudwebérel sianed,above any dpned phadd ¢f Ljils mithiecedicwi th  an
open | ower e@ﬁamﬁgp preferably has a cross-sectional area |arger than the
gas reflux opening.” A lower end of the shield preferably term nates bel ow a
1o | ower end of afyahaher agrett,ahe tientiers prefdasxa tydene Aeparpioetharithisad t he
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solids in thegasailehis didpagbeat an inlet end of the cyclone body for a stream of gas and
entrained solids. A gas outlet tube in the inlet end has a longitudinal axis
aligned with the longitudinal axis of the cyclone body tor withdrawing gas with a
reduced entrained sclids content. A solids outlet is disposed in a sidewall of
20 the cyclone body for tangential discharge of solids and a minor amount of gas
from the closed-bottom cyclone into a catch chamber. A gas reflux opening is
( fluidly isolated from the feed gas inlet for recycling gas from the catch chamber
back into the cyclone body. A shield extends downwardly from the cyclone
body arcund the gas refiux opening. The gas reflux opening can include a tube
25  extending within the cyclone body from 0 to 1 cyclone body lengths and
extending outside the cyclone body into the catch chamber from 0 to 1 cyclone
body lengths. The shield preferably extends -downwardly from the cycione
body to below any lower end of the gas refiux tube.
in yet a further aspect, the present invention provides a cyclone
30  separator, which has a gas reflux tube passing through and sealingly affixed fo
a closed end of an at least partially cylindrical cyclone body having a length, a
diameter and a longitudinal axis. The reflux tube has (a) a diameter smaller

than the diameter of the cyclone body, (b) a reflux inlet oulside the cyclone



I n anot her aspect, the invention provides a cyclone separator that has a 15
cl osed-bottom cycl one body having a |l ength and a | ongi tudi nal axis. @ﬁ 2007
gas inlet is disposed at an inlet end of the cyclone body for a stream?©

gas. and entrained solids. A gas outlet tube in the inlet end has a

| ongi tudi nal axis aligned with the |ongitudinal axis of the cycl one body

for wthdrawing gas with a reduced entrained solids content. A solids

outlet is disposed in a sidewall of 20 the cyclone body for tangenti al

di scharge of solids and a minor amount-8f gas fromthe cl osed-bottom
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t he A still further aspect of the present invention is that it provides a multi-
' cyclone gas/solids separator that has a plurality of cyclones spaced horizontally
20 apart from adjacent cyclones. ‘Each cycione has a cyclone body including a

feed inlet end for admitting gas and enfrained solids into an annular space

(' defined by a sidewall of the cyclone body and a cylindrical gas outlet tube
axially aligned with the cyclone body. A solids outlet at an opposing end of the

cyclone body has a tangential outlet for solids and a minor amount of gas

25 through a sidewall of the cyclone body. A gas reflux opening is axially aligned

with the outlet tube. The plurality of cyclones share both a common catch

chamber for solids discharged from the solids outlet, and a common manifold

for supply of gas and entrained solids. A plurality of shields positioned in the

catch chamber inhibit discharge of solids from the tangentiai outlet of the

30 adjacent cyclones into a vicinity of an inlét of the gas reflux opening. The gas

reflux opening preferably includes a tube having an interior portion within the

cycione body and an exterior portion extending into the caich chamber, wherein

the interior portion includes imperforatie sidewalls and open ends, and the



solids outlet and the gas reflux inlet to inhibit entrainnent of solids from
the solids outlet into the gas reflux inlet. Preferably, the refl ux Byngszﬂ
extends on 15 either side of the cyclone body by a distance equal to

100% of the length of the cyclone body, and the shield extends downwardly
fromthe cyclone body to below any |ower end of the gas reflux tube bel ow
the cyclone body. A still further aspect of the present invention is that it
provides a nulti- cyclone gas/ sol i ds sepgr at or that has a plurality of

nas o cyci ongXbadyPPABR B oy PuER e S AR B "

entrai ned solrteghe rmhtmhaa:hmtnmlmmpae@ bydzetsaldeihléw reaviigde widrhetef 1drher cycl one
body andaclinq_{e:éal as outleétub V\nththecclone

body. A sol i i@ S50 Brstnh il fas Tht I Mbrtoss

tangential oWt edPermfhdtihg BOBwAa THRBIMEAOHHRE oPihdASwAlvakdly @;kﬂafhdﬂn%' dewal |
of the cyclone body. A gas reflux opening is axially aligned wth

outl et tube. csr*mgins@ldw%m ty of cyclones share both a commpn catch chanber
for solids di schargatbricn W pabilSiQuhlc orGRBees fORMfeBE) Gy T o

supply of gas and entrai ned solid ity of shields positioned in the
cat ch chanbeimpriekisieot i gcmahlgyct@ms@ﬁs{m% rscnartarrm cenpréaing al plowliteof of t he
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The gas ref &V Ao an |
portion wt hcycld)rhmbodybhmng (bmgeedndleaan@mreadrmmqgogas amrd ertraned Bglldsnt o the
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t ube_seal ed aiiridhiealegas @mﬂanmb@gaﬂalwwagndtijum mﬂie) cydﬂen@aiodb qi)iaenberds
surrounded by sald shield av n a di t han war dl y
ext endi ng cyPHIRFcal OLPBB%'”Q }'lﬁ Bycg? E?%)b?‘? 'RgL aange&\g %ﬂm

term nating belddasd laqmbna&touaﬂdf ghs tHsughoudsviilyoiaké @PEbRE bolly:Catld ndri cal
tube. Furthernore, the present invention provides in another aspect, an

i mprovenent (i & ﬁﬁ§t’Pf'%§/cﬂﬁ?ﬁ§‘gg§§‘ﬁ§§blqi'8§e‘§é’b‘éi‘r Heoouliehmihes i Weerainoe al i ty

of cycl QReSp Fd?ﬁﬁ)f’gf Bﬁﬁiér?éérﬁr@ré BoMPREEMHPRAGH 858AbeGYE OB is@RFded
conprising a one body having (1) a feed inlet end for admtting gas and

entrai ned solf"pﬂ'stheos@llﬂsooﬁl?t,a@ﬂﬂjIﬂa‘?o@fméﬁe’na@quﬁé‘éf 89s andjendipied gilidshe
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cycl one body;
chamber to inhibit dlscharge of solids from the tangential outlet of the adjacent
cyciones into a vicinity of an inlet of the gas reflux opening. The shields are
20 preferably cylindrical tubes extending downwardly from the solids outlet end of
the cyclone body around the gas reflux openings. The shields can have a
diameter greater than the gas reflux openings and an open lower end. The
(* lower ends of the shields preferably terminate below a lower end of the gas
reflux openings, and above a level of dense phase solids in the catch basin.
25  The lower ends of the shields depending from the cyclone bodies preferably
terminate at about the same height in the catch basin.
| Another aspect of the invention is the provision of apparatus for
separaling a gas-solids mixiure. The apparatus includes a closed bottom
cyclone, a gas reflux opening in a lower end of the cyclone, and a shield
30 depending from a lower end of the cyclone around the gas reflux opening. The
shield is preferably contiguous with the cyclone to surround the gas reflux
opening. The gas reflux opening preferably includes a tubular passage. The

shield can be a concentric tube having an inside diameter larger than an



outl et at an opposing end of the cyclone body having a tangential outlet for
solids and a m nor anount of gas through a sidewall of the cyclone ony1J§@gm7
(iii) a gas reflux opening axially aligned with the outlet tube, wherein'the
15 plurality of cyclones share both a conmobn catch chanber for solids

di scharged fromthe solids outlet, and a common manifold for gas and
entrained solids. The inprovenent conprises a plurality of shields

positioned in the catch chanber to inhibit discharge of solids fromthe
tangential outlet of the adjacent cycrdﬁes into a vicinity of an inlet of

the gas ref| @xisifsemiei Pl thadubypepassagee e piosr BredgeDly dprmingtesckelow es

ext endi ng dowmﬁfﬂdeﬁcﬁemhm@blﬂé’ﬂ l%é(}@a git 1 et end of the cyclone body around
the gas reflux openings. The shields €an have a dianeter greater than the
gas reflux openi né\sfuﬁgar aspe oh thevrventordis ahethod fersepattingfa gaesolid el ds
preferably ter.p nat : f LNgs,:,.,and
above a Ieve?ﬁ'gﬂ‘up%eﬁg&e)%p Pz‘aé%”&&%éﬁ?%e%é {r;'rgrg g@%%i@n&%gggﬁgé%\?\g‘feaends of
t he shi el ds ddpnddi angluralibyot bdiacgmtl doseddmdioes cyrieies; alldchardgirey solidatlearat about

t he sanme hei %gt in the catgh E sin. Anot her asge&t !’?f t he i.gvent{' on is the
pr ovi si on of SR RBeF 8p0° QLTI HIPRQE YEONES: Tige aroke FoUd SR at us
includes a clepgaihelaidsofdm axtdentialn odticgaat lodfer WndoRE Nhé GedpRcive OysRineeNd of
the cyclone, and a shield 30 . depending froma |ower end of the cyclone

around the gd&pdg & RPN 9f. INehentraified| Gas; 1o BpeFYBPRESC SHEVYUIEEX i t h t he

cyclone to syneAras tbfeddP IdRr ehds OPERI REpediVe ERPNESS b ARRIHN e
preferably includés a tubular -passage. The shiel'd can be a concentric tube

havi ng anioi ngeitix enepinasdrom Hiejangeniiahodietse iDhRItZoesE-1alki5 out si de wal | of
the it ubul ar passa%othléh’%sbg&eopfr%f rraioh ke£Wagﬁé%§u§fdr%p%gatgwﬁvn‘§r st end

of the tubul ar passage. A'further aspect of the invention’i thod for
separating asghg-eisiirel Thexepperatuehinchged gueanse fardeodiaing tiep snivtire to

i ntroduci ng b %1 t ANl BNl Qf p it f j acent
ol osed- bot { e SRyehds, Hieis, B TARERY of sqjatent pBEReHorBrPLiidiics, Inding 3L 2P
respective cyidchaggng dolgisHaayigag freol Uplser cods aif thegespediveadycltdeganetinom

tangential ouytlets at.lower ends.of the.re ive.cycl ones refluxing a
portion of ¢ Srerdbac T BoRuTe eFyhrTBES ol s P Sehos
formed in | owndsefdse edspebiive epeadsi weaty dbroreéaxingrdpstioe lod g etitfeined o
refluxopeni ngs FLORLNSEA00FILLEh B Shanhgs B tn T6R5°aAdY Kt the
respective cyclones, and means for shielding the reflux openings from the

tangential outlets to inhibit cross-talk.

20 Brief Description of the Drawings

Fig. 1 (prior art) is a simplified schematic view of a prior art third stage
(‘ ' separator showing closed-bottom cyclones with reentry tubes.
Fig. 2 is a simplified schematic view of the third stage separator of Fig. 1
after modification o include shield tubes according to the principles of one
25  embodiment of the invention. |
Fig. 3 is a simplified elevation of a cyclone with a re-entry shield
according o one embodiment of the invention.
Fig. 4 is a sirhplified plan view of the cyclone of Fig. 3 a seen along the
lines 4-4.
30 Fig. 5 is a simplified schematic view of test equipment for cold flow
modeling of the cyclones of the present invention.
Fig. 6 is a simplified plan diagram showing the layout of the cyclones

and inlet pipe in the test equipment of Fig. 5.



Anot her aspect of the invention is an apparatus for separating a gas- solid

m xture. The apparatus includes nmeans for introducing the mxture to
respective inlets of a plurality of adjacent closed-bottom cycl ones, @éah@dmm
for discharging solids-lean gas from upper ends of the respective cycl ones,
means 15 for discharging solids containing entrained gas fromtangenti al
outlets at |ower ends of the respective cyclones, neans for refluxing a
portion of the entrained gas into the cyclones t hrough refl ux openings
formed in |l ower ends of the respective éyclones and nmeans for shiel ding

the reflux openi ng§- 7riem ﬂfﬁ@hleﬁhﬁgﬁﬁﬂiﬁlﬁpn@tﬂa@l%@ sigei digtributioncinothe-gasl k. 20
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schematic vi eéw of a sépara ow n

cycl ones w taccrce@ngrty) tlhuhﬂese!ﬁi igverﬁlonSara:i wnﬁpnhtl $hields Yehrerig) iaCcording of t he
third stage separator of Fig. 1 after nodification to include shield tubes
accordi ng tohﬂ%'%lar‘nm pl es of one 25 enbodiment of the invention. Fig. 3

is a sinmplifpedefhByrbl e p,f‘,eﬁhgycl one with a re-entry shield according to
one enbodi ment o € [ nvention. dg 4 is a sinplified plan view of the
cyclone of Fig. 3Fig deeronpdhi a Hurd stege sepamiors(d SS) gimiarn 1o hedgpdytad i ed

schermt | ¢ VIRl oldise SOUBRRRE 8 Paflil d bOrsaRIEhinG afal Mesevfjgnes of

t he present I nven i's a sinp I agram show ng t
| ayout of t heeceivesoackinesasmhtdiningt FGCpdue rgatshwat et 33@]1“ piﬁi&mtfeetﬂ g?asgls 5 31

glf\glt rzf)th [ ond'gh%%"hed B‘aé’?e”g[]}a Bé{‘ qglrtcr)}%r ﬁ%%n?ﬁtal @U %?élg (gregst i?écyc? ones
eqU| ped 1ov tn/cshdmeelms i6- @qmp;.’obc) wntacemirsdlswgl tvaneahe(nqﬂrdmmrl see &ig. i Yntcand
out shi el a 0d|n L % 1S [ﬂs |onlf t he
Fventi on i 50098 ciarbeRtcIon Boeini Bafel 208 & Fines et aafthe Pt ' o ¢ e
reduced chaescicisireinfos epdasd disciodrgbll ronPahem solfdso&idt slSﬁﬂmécﬁhietjnnsa et al.
Gas s i ot PSEEEE PR e Em AR HEh i SelearioalBIgHea #4537 137 Byl ones
106. Each enters each barrel 108 via a gas reflux tube 114. Clean gas is withdrawn via
15 each outlet tube 116 and removed from the vessel via gas outlet 118. Solids
that accumulate in the catch basin 112 are removed via solids outlet 120.
Each -of the cyclones 106 has essentially the same dimensions, i.e. each
barrel 108 has the same length and diameter. Since the height of the plenum
104 typically tends downward as it extends outwardly from the center of the
20 vessel, the elevation of the solids exit slots 110 will likewise tend lower. Thus,
the cyclones 106 at an outer position will have a solids exit slot 110 below the
( bottom of the cyclones 106 at an inner position. This difference in the height of
the cyclones 106, we believe, coniribuies 1o cross-talk between the solids exit
slots 110 and the lower end of the re-entry iubes 114. Pointing the solids exit
25 slot 110 away from the adjacent cyclone 106 does not eiiminate the cross-talk
because there are usually hundreds of relatively closely-spaced cyclones 106
in the TSS 100. Also, cyclones 106 are relatively spaced in every horizontal
direction, especially for the cyclones 106 intermediate the center and outer
periphery of the TSS 100.
30 Fig. 2 shows the TSS of Fig. 1, wherein correspondence in the last iwo
digits of - the reference numerals in Figs. 1 and 2 is used to indicate
correspondingly similar parts. The cyclones 206 have been refrofitted with

respective shield tubes 222 in accordance with the principles of the present



to cyclone 106 is equipped with entry swirl vanes (not shown; see Fig. 3) to
i nduce a tangential flow pattern in a barrel 108. Fines collect on tI‘? %&nlg 7
of each barrel 108 and are discharged fromeach solids exit slot 110 }or [g]
ina lower end thereof. Gas discharged with the solids into the catch basin
112 re- enters each barrel 108 via a gas reflux tube 114. Cean gas is

w thdrawn via 15 each outlet tube 116 and renoved fromthe vessel via gas
outlet 118. Solids that accunulate in the catch basin 112 are renpved via
solids outlet 120. Each of the cycl oned /106 has essential |l y.the sane

di mensi ons, MVeRNoRacAthagh gRch BEIRLLOBLE! HhEVPangi KOENEaINges 8t .2 Si nce
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posi tion w L}: hav [ ' : ycl ones
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106, we bel ihevehiekisn223 blitesninaiecatcdwut dhk sbmewesightt heeferablydgbavei any sl ot s

110 and the | ower d_.of . - r b 14. Pointing the solids exit 25
sl ot 110 avvgﬁﬁ?? 8“%%1%1 Sgﬂﬁgﬁéhgcgﬁhl%ﬁb%fg? oes not elimnate the

cross-tal k becaBge 3 besws ar simpiified lsgctionat veals obfa prefetddveycford ob eley/- spaced
cyclones 106 in t cl one?} 106 are rel at] vellﬁgégaced in

he TSS 100. Al so, c _ .
oy ery hor i 28eRton GALED: ENOWE FLRsATY i AT IRCAT PO, 16BeINIEeosod: at o
the center and epublled So86d BRRF ¥xiBly hhtBe BRRUILE Betvwetnfthe bakePDOSENE e TSS of
Fig. 1, wherein correspondence in the last two dlc?ItS of the reference -
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222 °in accordance with the principles o resent "31 JAN 2007 -1

i nvention. Retlicolaes &adhe e rd thed®rel 208e SptdomeliecP@6 2 selatively dainat a

di fferent hej o t.chi ' ' nt,. o of the
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the shield tube 222 conveniently has the same diameter as the barrel 208, and

is welded or otherwise secured to the blind flange 228. In retrofiting a Chitnis
20 et al. cycione, the shield 222 is added to each cyclone by, for example, welding

the shield tube 222 to the lower surface of the blind flange 228 supporting the

re-entry tube 214.

N

- Although the shielded re-entry cyclone 206 is described in one example
in reference to the specific features of the cyclone 206 in Figs. 2-4, it is readily
25 appreciated that the shielded cyclone can take any form of the closed-botiom,
gas-reflux equipped cyclones described in Chitnis et al. modified to include the
shield 222 of the present invention.
The invention is further undersiocod by reference to the following
examples.
30 Example — Cold Flow Modeling

The performance of axial entry cyclones with and without shields was
studied in a large-scale cold flow unit. The cold flow unit was scaled down from

a commercial design, and represented an existing third stage separator (TSS)



and entrained solids enter axially in the annulus between the barrel 208 and
the io gas outlet tube 216 where they are tangentially directed by thETSm&h
vanes 224. - Gas flow spirals around the outlet tube 216. Centrifuga 07
throws the particulates to the wall of the barrel 208. Solids collect as a
relatively thin, circulating |ayer of particles which are di scharged

through one or nore tangential dust outlets 210. The cyclone 206 has a

cl osed bottom 226 which is 1s preferablyga blind flange 228 bolted to a
mating flan r t IS

provi ded byg(ge%%ﬁtofglhw’edét?@ﬁ@e ﬁtgﬂbgtaﬂjlrb%ngﬁss ﬁéd %gg%q}gﬁ anﬁfﬁg téécured to
the blind fleageeiR28ubsd cheergh ahdhe ﬁé@ucyOMes t'f‘rte sdiddlogv tnodel n@:ﬂfour

conveniently h arrel 208, . d or

ot herw se se%'{]eﬁgw%q]gnﬁﬁ\ggﬁ\%h%@%f%@ﬁ @c@%_é@nﬁeﬁtgt ﬁlﬁ?lﬁ?’l ﬁ’bet ¥ 20 et
al . cycl one,aﬁmﬁushic@ddngBQ whhcrad@e@l tymica aaththey olitter ectby cd‘nmhemnﬁlT,@

wel ding the shield tube 222 t he | ower s rfgfe of the blind fJTa%] e 228
suppor ti ny trﬁge”?@t‘%rﬂsr'yd'f:ﬁt@g bllﬁ CORPERSIHH PROESIANPRRES $88.0uhin 2 gcl one
206 is described in one exanple in reference to the specific features of
the cyclone 206 in Figs. 2-4, it is read| I% 25 appreci ated that the

shi el ded cycl one can take any form of ? Iosed bottom gas-reflux equi pped

cycl ones descrihed in ChRefneryefS§|Col DesipRBasie t he shield 222 of

the present |invention. The invention ig ftﬁsﬁh’éﬂoﬂndbr sRefveryB§S reference to

the fol | owi exanphes—30—Exarpe— Qol-dMoBly Modbl i ngPFi8 gerd or mance of
H haont dbhit ol de vnme ~t i = Y

axial entry %mwﬁuw eHagwas—pt aeh%%ﬁ A—a—4 arge-scal e

col flow u it o) " pri—was at %b"ufmvvu oM e ci al
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desi gn of WETIbos, 8w al . 1T wni ch cat aljyst particiep frad accurut @t ed i nsi de
the gas refllux tTubes of wpge of the TSY cychameS. The colghsf I OW frodel had
four operatjing and two ea- operating dycl onersel enepts, tdwm size] inlet gas
velocity an#ledudiesifea@dinngecof whi ch werie typlial at|the owgl et of a
comer ci al HCECEONE§jenerat or as indicatied by a conpprison of the{design
bases set out_in Table Numbeahle 1 Refilnery j@Q&(‘nL’i _Fl mAllﬁglni t_De¢sign Basis

1D, ins

. Length, ft 5 5
Inlet Configuration Swirl vane | Swirl vane
Swirl vane velocity, ft/s 244 248
Underflow, % 3 ] 3
Dust outlet (H/W) 1.67 , 1.67
Dust slot size ‘ 1.57 X 2.57 | 157X 2.5
Re-entry tube size 1” sch 40 1” 5ch 40
(Gag velocity in re-entry tube, ft/s 42 49 -
Shield I, in. 10 No shields
Gas velocity in shield wbes, fi/s 0.4 No shields

( 1 The schematic diagram of the test rig is shown in Fig. 5. The catalyst

10 was fed, through air eduction, into the inlet pipe 310. The test facility was
operated under vacuum by connecting the outlet gas filter exhaust 314 to the
inlet of an air blower 316. The inlet pipe 310 was connecled to the inlet plenum
320 through baffled windows 322. The baffle ensured good distribution of the
incoming dust-laden air into the inlet plenum 320. The inlet plenum 320 was

15 curved in a manner typical of a commercial TSS design. The catalyst-laden air
entered the axial flow cyclones 322 through their swirl vanes 324. Fig. 6 shows
the plan of the layout of the inlet pipe 310 and cyclones 322 (identified as
cyclones 322A through 322F in Fig. 6) over the setiling chamber 328. Cyclones
322A through 322F were arranged on a triangular pitch as in a typical TSS.

20  The cyclone body 326 terminated into the settling chamber (holding vessel) 328



TSS Cold Fl ow RefineryTSS Model Design |NLET Nunmber of windows 2 16 Flow
split (nomnal) (u per/lower), % 60/40 60/40 Wndow velocity, ft/s 91 91

W ndows, FUW Upper 1.125 0.95 Lower 0.75 0.61 Plenum Residence tinmeJis&d 2007
0.36 0.48 CYCLONES Nunmber 6 169 ID, ins 10 10 Length, ft 5 5 Inlet
Configuration Swirl vane Swirl vane Swirl vane velocity, ft/s 244 248
Underflow, %3 3 Dust outlet (HW 1.67 1.67 Dust slot size 1.5" X 2.5"
1.5" X 2.5" Re-entry tube size 1" sch 40 1" sch 40 Gas ve9,t in re-entry
tube, ft/s 42 49 Shield . 10 o shieldsi9Gas velocity in shield tubes, ft/s
0.4 N. shi elissdow hthe Snlee pienum dRagwaich Had hedid@ster rto gnatehshewptiow ini g. 5 The

catalyst to was fed, t | r eduction to the in )

test facili ttyp'ﬁ%!scorBB'@Fcé?ngggng%? C\‘?Q‘E:%Wﬁldﬁgt W@i?f‘ﬁ@m?&é}""éu@’m@g 8%13 filter
exhaust 314 dyichs 3aantpbudt tnsdlids BXipwRE 3336nioThe satiply MHapepelibaras
connected to_the inlet plenum 320 through baffled wi ndows 322. The baffle

ensur ed good @t §f thd Ge dHthothet gpnceptraipaichist wastvaniribiiraigh the Bndevliown| et
pl enum 320. @g%d'!d"ﬁd m'e Wm@&?gt ¥as pkpreUf Wed éd?nan@@mﬁrmteyaéﬁgagf a

commerci al esi e catalyst-laden air entered e axl a
cycl ones 32Zram ﬁl@@ghs tonﬁetrﬂitew 334 pEgTde epRetingrhg sugtiarhelilbe airmydowenditof t he

o Dobhd B o8 SO DYpbARAE g LTI Ay taes 3224

t hrough 322w bettenfly amtyed notnstewingi dhguiuat inghé chdadloivigss wypreradvedSs.
v ' the underflow filter 332.

10 The excess gas stream that entered the settiing chamber 328 through
(\, the solids exit slot flowed back into the cyclones 322 through the re-entry tube
340 located at the botiom of the cyclone 322. The section of the cyclone 322
containing the dust exit slot 323 and the re—ehtry tube 340 was designed as a
separate spool piece to allow guick re-orientation of the dust slot discharge.

15 The clean gas exited the cyclone through pipe 342 into the outiet plenum 344
from where it flowed through the outlet fiters 334 to remove any enirained
catalyst particles. The clean gas, combined with the clean underilow gas, then
flowed via line 314 into the suction of the blower 316. The gas flow was
measured but not controlled. The overall gas flow rate through the unit (and

20 unit pressure) was manually conirolied with the damper 346 at the exit of the
blower 316. The unit was instrumented throughout with hot wire anemometers,

. pitot tubes, manometers and pressure gauges for flow and pressure
( measurements, including provisions for helium gas tracer work and mapping of
gas velocities in the cyclone 322 and plenum chamber.

25 Each cyclone 322 had an inside diameter of 10 inches and a length of 5
feet. The dust outlet slot measured 2.5 inches high by either 1 or 1.5 inches
wide. The re-entry tube 340 was nominal 1 inch, 2 inch or 3 inch pipe. The
gas velocity through the swirl vanes 324 was about 240-250 fi/s, and the dust
loading was 0.332 grains per actual cubic foot. At a gas underflow rate of 3

30 percent, the gas velocity in the 1-inch re-entry tube 340 was about 40-50 fi/s.

A catalyst feed mixture was prepared by mixing {ogether 22.5% by
weight of fresh FCC equilibrium catalyst, 44% by weight of the fourth stage
catch from a refinery and 33.5% by weight of the electrostatic precipitator catch



20 The cycl one body 326 term nated into the settling chanber (holding
vessel ) 328 31 JAN 2007 19 below the inlet plenum 320, which had a Sjﬂsfmgﬁﬂ
to match the upflowin a typical commercial TSS. The concentrated d
entrained gas exited the cyclones 322 through the solids exit slot 323 into
the settling chanber 328. Part of the gas with the concentrated dust was
vented through the underflow s pot 330, and then filtered at 332 before it
was conbined with the clean gas fromthe gas outlet filters 334 prior to
entering the suction of the air bl ower-216. The gas flow rate through the
under f | ow | ifmoen 386 wdineryedbhw edloportbreomer®| detebted o ambatdht esf biyssalal ¥e (not
shown). The du in.the underfl ow gas s.removed in. th rflow filter
332. io The p@ﬁ%‘b?sqa SOl a‘f‘ﬂr?'ﬁ'ﬁfcgagng— Wl?%eoaé%‘f'?lis'ﬁ% g’ﬁ& ﬁ?n 39% t hr ough
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the cycl one Vgs2addgshiniha e H’@”@d@tm'@ﬂ“tw $fagic %‘Qgt"ﬁ‘Fweffﬁ‘gsr A &rer t ube 340

was desi gnedoasief watRotiof paﬁswi sk %@ashﬂarﬁémg\anatwéaé@n@absmn?ém@n of the
dust slot discharge. 15 The clean gas exited the cyclone through pipe 342

into the outwese velikgdiwitizaganrindaedier @idrescobywed t hrough the outlet filters
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with the clean un ow gas, then V|a I'ne t5 the suction of
t he bl ower 308y OTN@ geciofidsnd22vernd ershisaeiribel sbigidand?2 tewminaddd eUtheTskwn@ver al |
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i nﬁér unernt e¢4'0hlmm®jwetthw uﬂpeh(h?veh/lof maﬂemmrbd é@irs the Setplingodhambize s328. ! udi
nmet er s Ssu a s for ow an essure sur epent i ncl udi ng

rovi i ons 10E Belrm A28 { BECUR b IR ARfS i Fvgaan elBciaias 't he

cycl one 322 cpaghber 828 fBe@Basﬁ)@f the%r@gﬂe 6 a6 @érurh adoarchrtsigdentdi amet er

of 10 inches and a | engt The dust outlet slot neasured 2.5

t.
i nches hi gh S9{n&pt W@rdL%t é'P"S:Ld@Chﬁ"fB%%?WW%@e gHEANcE-d FOME enpinalbefas

nom nal 1 ingl, hd §&deMerifg ke bydbree-328hrom Q@ésé&ﬁlhg%bwehmu%o%e swirl
vanes 324 was about 240-250 ft/s, and the dust was O 33€2ﬁ?g ains per

actual clbi @nrgiied catalysthesausriat thegvet upwardst velocity *%@%E‘Tﬁ charpler vel ocity
in the 1-inefgf ?eﬁﬁ& ns}soavaa%éﬁme\mm%wwé% ééhefnts/aﬁto e Hethiibhlofl &M

m xture was prepared by m xing together
S8S. They increased the overall collectlon efﬁcqency of the cyclones 322 by

almost 6 percent, and eliminated all the particles greater than 10 pm in the
clean gas siream exiting the cyclones 322 without shields 335. As shown in

20 Fig. 7, a comparison of the particle distribution for the TS8 elements with and
without shields 335 showed that there were no particles targer than 10 um in

Q the clean gas after the shields 335 were installed. The cut size (the maximum
particle size in the clean gas outlet of the TSS) was essentially unchanged by

the installation of shields 335. In other words, the shields 335 did not adversely

25 affect the primary operation of the cyclones 322; they only eliminated or
reduced secondary particle re-entrainment from the settling chamber 328. The
results from the cold flow modeling demonstrated that the overall performanée

of the TSS was enhanced by eliminating secondary re-entrainment from the
settling chamber by the installation of shields. The secondary re-entrainment is

30 the result of catalyst particles that exit from one cyclone in close proximity to
the gas reflux tubes of adjacent cyclones and are aspirated into an adjacent

cyclone through its reflux tube.



wei ght of fresh FCC equilibriumcatalyst, 44% by weight of the fourth stage
catch froma refinery and 33.5% by weight of the electrostatic precipige@gr
catch 31 JAN 2007 -20 fromthe refinery. The proportions were sel ect 2007
match as closely as possible the typical commercial TSS inlet particle size
di stribution and thoroughly m xed before use. Approximately 0.002 I b/Ib of
LAROSTAT 519 was added to the feed blend to mnimze static electricity
effects. A Coulter 5 counter was used fqr particle size nmeasurements and

sel ected neasurengnts were verlfled i"t2h “scanni ng el ectron m croscopy. The
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as the other shields 335 bel ow t he | ower end there entry tubes io
340 but aboveatiéra ajmma\@&Jbleaﬁ dygidanes yere ded neanibedyewwtiehgy@mer 328.

The cycl onesg t |

settling cha%% Q%-Iéﬁegfgglgg%gfy& a%ég&r@ae%?léﬂgﬁﬁ]%r% ?2/?{ pﬁ%@ﬁb&"ﬂdgo.
Consequent | ythat simarpradmithef thesiutist ot thedmloharogddnes)w tis ttehehaamiberaB28e  of
sone re-entr ubes,, 340.  The S enteri ones 22 fromt

sett! | ng. chatBlEPSpe drenahgh o e e A% e ¥PIoBiTadE mdriid i

upwar ds vel ogjtayori Bpecte ahbed;rdaaaherrh’&ﬁamng eﬁtleﬂte@mmr@ sitoweht tsbmnmgﬁ

shi el ds 335 Were benefi ci.a the o Per ation he TCE; The% eased the
overal | col | EYQIPRFF MEE| e?‘eﬂéf}t’%@t o ehrpipa eoﬁ%@‘@??” ghe 8oerltént, and
el im nat ed aldtafidifal FR6#AIC ire thed 66MINGT cﬁahﬁtﬁbrlﬁzgndad\ rbh%haﬁﬂ;@@fheﬁaéy&éﬁeeam
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rimary operation o he cycl onés 322;
they only el addlingtshdelds 3&5edubl@dklsecammwtyepw ttm!:nﬂse-'i#@déﬂmpachamﬂ thfer om t he

settli nglghagn%s Cﬁ%§| Qéaﬁérﬁ?ﬁ‘#hte %é}ﬁb&% fl ow nodel i ng denonstrated

that the ove per wasS enhanced by elimnating
secondary re-ent r?dhenmvrlormame phéhe ﬂﬁtarémtngfdmmrrbemﬁgmyattdne uea’@tjalhl tig on of

el O T AR ke e, AR, 3 By BoblcioR cfiBhAbs gt ¢l e
residual catalyst with size greater than 10 pm in the clean gas. The
configurations iested were:

20 . Base design (1" re-entry fubes 340 and without shisids 335)
3 Cyclone with 1” re-entry tubes 340 and shields 335
( ' * Cyclone with 3” re-entry tubes 340 and shields 335

Adding shields 335 1o the cyclone 322 with the 1”7 re-entry tube 340

increased efficiency from 83.7 to 90%. Enlarging the re-eniry tube 340
25  diameter from nominal 1”7 to nominal 3" decreased the collection -efficiency by
almost 2%.

The effects of varying the underflow percent (1-5%), nominal cycione
inlet velocity (100-250 ft/s), dust loading, plugged re-entry tubes, plugged swirl
vanes, plugged inlet window, finer particle size, and larger re-entry tube size (2-

30 and 3-in.), were also investigated.

The effect of underflow rate on the cyclone 322 performance was

studied systematically at cyclone inlet velocity of 195 fi/s for the base cyclone

design without shields. The resulls showed that the cyclone efficiency



the gas reflux tubes of adjacent cyclones and are aspirated into an adjacent
cyclone through its reflux tube. 31 JAN 2007 -21 The dust settling g{ﬁgR@ 007
328 showed strong clock-wise (top view) circulation of air as indic 3
broad bands of dusts noving in a descending pattern along the wall. The

dust bands were lifted near the dust outlet cyclones 322E, 322F and fl owed
downwards in the vicinity of cyclone 322A, suggesting 5 that the proximty

of the outlet of the various cyclones 322 to the chanber 328 wall and the
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increased efficiency fromg83.7 ta % entr be 340 25
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fi/s. The maximum efiiciency occurred at a cyclone inlet velocity of 200 ft/s.
Below a cyclone inlet velocity of 185 fi/s, all catalyst particles collected from the
clean gas were less than 10 um in diameter. The concentration of +10 um
particles in the clean gas increased sharply at cyclone inlet velocities greater
20 than 190 ft/s. At the maximum velocity investigated, the concentration of +10
um particles was 10 mg/Nm?®,

C The cyclone pressure drop between the inlet and outlet plenums
increased with cyclone 322 inlet velocity. The cyclone 322 pressure drop was
generally related to the cyclone 322 inlet veloéity by the following equation:

25 AP = 0.001 07 pVel™® (1)

The pressure drop between the inlet and the setiling chamber 328 also
increased with inlet velocity. The pressure drop increased with increase in re-
entry tube 340 size. This was because the cyclone 322 gas efflux from the
solids exit slot increased as the diameter of the re-entry tube was increased.

30 The swirl vane 324 pressure drop was generally related 1o the cyclone
322 inlet velocity as:
AP = 1e-05 Vel (2)



The effect of underflow rate on the cyclone 322 perfornmance was studied
systematically at cyclone inlet velocity of 195 ft/s for the base cygl 02@ 2007
design without shields. The results showed that the cyclone efficien ))

JAN 2007 -22 increased with underflow rate up to 4% underflow rate and then
the efficiency appeared to show a slight decrease as the undertlow rate

i ncreased. The cyclone efficiency for the 3" re-entry tube cycl one appeared
to be insensitive to underflow rate ab%ve 4% The slight drop in efficiency
beyond 4% underflow S rate for the ba?' design coul d have been due to

i ncreased tur bul BRBEONRAENLS %6 & e A UfadarePressurg §1eR yYas igken Huoldpar at ed
catal yst pakgd hsanébgonr esence of shields and reduction in the re-entry

velocity for the _cyclones with the 3" re- entry tubes and shi el ds appeared
to reduce the relbategidmsiae digtrilkdions pteatalyat initee eleaapasty 198d6s (Widw rat e
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to 249 ft/s. The maxi numefficiency occurred at a cyclone inlet velocity of
200 ft/s.. Behvserad epd|SOneniappearsvelcoaietfjorfre-egBainment ob¢atakysitizgry she

particles cql n re | t . in i ter. The
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i nMestigated, the concentration of +10 mparticles was 10 ng/ NnB. The
cycl'one pr eé(?lﬂ’icgy d‘fa@ps'ﬂﬁlﬁ‘?@bﬂn Bﬂ% CPE%@I’“%WdQTO{JhPI '8W%P§ﬁ%% 'n[%gY‘H‘B‘F"é{ased with
cyclone 3227 ehowed aBat the Eistorty efitihcd ARcrRbesS Wsethdr et Wastocitgengs al | y

related to the cyclone 322 inlet velocity by the foll ow ng equation: 25 AP =
0.001 07 pV&IOe&FEd) The pressure drop between the inlet and the settling

chanber 328 al soThbner&asefibel 840 iveldity WRlsoableyminEReaPEs ki eurticpiovk NCr eased
wWth increase in re- entry tube 340 size. This _was because the cycl|l one 322

gas eff|\x FEERILHE ra® helbimyliaces MaasyeEeshs etheate-eRey ibfmdt@velrity he
re-entry tubg uesd WRERAREkycione inlet velocity was increased because more gas

exited through the dust slot into the setiling chamber 328. At the refinery
cyclone inlet design velocity, the re-entry tube 340 velccity measured from the
helium tracer was several orders of magnitude greater than had been

20 assumed.
The performance of the TSS with finer inlet dust particle size distribution
(" was studied by injecting fines compared with the feed blend PSD used for the
rest of the tests. The fines had 66% of catalyst panicles less than 10 pm,
whereas the normal feed blend had only 24% of the catalyst particles less than
25 10 um. The test Waé performed with the cyclones 322 having 3” re-entry tubes
340 and shields .335. At approximately the same iniet velocity and dust
loading, the cyclone efficiency decreased by 21% with feed of finer particle size
distribution. However, the size distribution of catalyst fines in the clean gas
was not affecied by the feed size. There were no 10+ pum pariicles in the clean
30 gas even when the cyclone was fed with 66% of less than 10 um particles.
This suggested that the grade efficiency of the cycione 322 was constant and

independent of inlet particie size distribution.



30 The swirl vane 324 pressure drop was generally related to the cyclone
322 inlet velocity as: AP = 1e-05 Vel' 96 (2) 31 JAN 2007 -23 Appro;.ggaé’gﬁ/
25% of the cyclone 322 pressure drop was taken through the swrl 4007
The particle size distributions of catalyst in the clean gas at 195 ft/s
(wmth 6 cyclones) and at 244 ft/s (wth 4 cyclones) showed that there were
particles in 5 the clean gas larger than 10 mwhen the cyclones were
operated at a higher inlet velocity. The PSD at 244 ft/s inlet velocity

di spl ayed two cut_sizes, one at approx#fately 6 mand the other at

approxi mately 50 The gifect whttles indet dusedeasing en 4 pegomeancgpplelie Lyewnedme from
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cycl one inlet de3|(§;n velocity, thé re-entry tube 340 velocity neasured from

the hel i umWaacdidiogsTweviereitoiper 340 sizrtg Al RRIE GrEw@r ) Y R been 20
assuned. The nB%ﬁ eﬂrs‘"‘PﬁF stBQr“edTr'?‘%d}ﬁﬁnBH tcitg kRS oh & B t“i”)or%rérﬁg) l?‘eél z€

di stribution vvassu y Injecting fines co wth t ed bl end
PSD. useditf or34tef theelgaseotﬂesugte Bb@ldﬁ 33|!hwefe alss llh@td”@B% die cydeniegs32darticl es

| esh than 10w 1 8GLERY of . ABIdIRLobeRt Spdaadaatl Raal Lheygatalyst

particles | ess 1 67 V& the c ones 322
havi ng 3" r dubat 340 taidess shc’M@d ahdt dtmerel das 385slight raqnpmiomi mathed y:yt:loeesarre

et el O R Aph, o R B e SRS e ey 2
di stri buti onfiaf peddratarse dflth@mrg@sttrb&mt/aahe gae waeaa:momrraiélﬁmeedar’ng ‘the
feed si Z% Tapsertr?at 01!’ ?he cy(::Ilone wnhd’e?e—legtr;[r ube 34% without shields 335; .
however, there were no +10 pm pariicles in the clean outlet gas.
Enlarging the re-entry tube 340 from 1.049” to 2.97” resuited in a
decrease in the re-entry tube 340 velocity from 400 ft/s to 100 ft/s, respectively.
Though the re-entry tube 340 velocity decreased, the amount of gas exiting
20 from the dust slot also increased, which resulied in more net flow of gas
entering the cycione 322 through the re-entry tube 340 at constant underilow
C rate. The turbulence in the settling chamber 328 therefore increased as the re-
entry tube 340 size was increased, at constant underflow rate. Neveriheless,
-the reduction in the re-entry gas velocily reduced the amount of catalyst re-
25 entrainment from the settling chamber 328.
The investigation of the effect of re-eniry tube 340 diameter on TSS
outlet particle size distributions (PSD)} showed that the cut point of outlet PSD
decreased from 5 um to 3 wm when the re-entry tube 340 was enlarged from
1.049” 10 2.02" or 2.97”. Enlarging the re-eniry tube 340 size can improve the
30 operability of the unit without significant loss of cyclone 322 eificiency.
A test without the inlet baffle was performed to determine if removal of
the inlet baffle would result in gas and catalyst maldistribution 1o the cyclones

322 and affect their performance. This was in response to a suspicion that the



30 gas even when the cyclone was fed with 66% of | ess than 10 m particles.
This suggested that the grade efficiency of the cyclone 322 was constintapng?
i ndependent of inlet particle size distribution. 31 JAN 2007 -24 The effect
of the inlet dust |oading on the performance of the cyclones was ‘
characterized by studying its collection efficiency at different inlet dust

| oadi ng. The inlet dust |oading was varied between 400 ng/ Nn8 and 900

ng/ Nn8. The cycl ones 322 used had shields 335 and 3" re-entry tubes 340. 5
The results showed that the cyclone 32222fficiency increased with inlet dust
| oadi ng by abesenmophiieriniehbaliggnighbeaiseghedppre WHdoMmsHie Bpplugasd adhbl ed.
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have caused an increase in the turbulence in the settling chamber 328, thus

leading to higher re-entrainment of catalyst. It was also plausible that when the

slot width was decreased, it inhibited the outflow of dust from the cyclone 322,

20  causing internal re-entrainment of the dust into the voriex to increase.
The resuits of plugging the re-entry tubes 340, run with 25% of the re-

entry tubes 340 piugged (one re-entry tube 340), were compared with data

I '

from two tests that were run under similar conditions with re-entry tubes 340
unplugged. Based on the data, plugging 1 out of every 4 re-entry tubes 340 did

25 not appear to negatively impact the effectiveness of the cyclone system. It also
gdid not change the pressure drop across the cyclones 322. '

A curved Plexiglas plate (not shown) was used 1o cover the upper inlet
window 320 to simulate the effect of a plugged inlet window in the commercial
unit. The results showed thal plugging the inlet window neither affected the

30 cyclone collection efficiency nor caused the loss of +10 pm particles in clean
gas. However, it did increase the pressure drop across the inlet pipe because

all the gas passed through the lower window.,



30 operability of the unit w thout significant | oss of cyclone 322
efficiency. Atest without the inlet baffle was performed to determ ng1i fay 2007
renoval of the inlet baffle would result in gas and catal yst

mal di stribution to the cyclones 322 and affect their performance. This was
in response to a suspicion that the 31 JAN 2007 -25 presence of the inlet
baffl e m ght cause the upper wi ndows to be plugged with refractory debris.
The cyclones 322 used in this test had_shields 335 and 3" nomnal re-entry

tubes 340. “The rexyhys, SAMGAS! Bal e 15 TRVGogle W ditlety Bgdbeyd d not
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i ncreased byga:msrgaaamt edﬂ;dsashoﬁtoﬁrsuiﬂug betweardthetsetiting nharhbers:laﬁ apad @ This

m ght have ¢ n_iNGre turb t.he s li chanber

526, thudt | SR e B i TR Sty VAt BHEE 28 o ahdfe 0

pl aGSI ble t hpam«»fmrthamsuaﬂy gtuchitdtie wals dmnemobﬁértthe‘ fUn, lahtl eiterehveasout f | ow
O OBy SR 57 BSG 4500t 2887 A b e She b L e
340, run wi tfhraé%h@tf wehe sttie®Mvhy thelrassi3dfaptaigiedo tRe @petntivit by teube
340), were cormared with data fromtwo tests that were run under simlar

condi tions wFYHOPRS¥RIEM, tihisesuliedoin ispinuggdate Betasigraliont RePeRME@SCuggi ng 1

out of e‘!?WPér’tfa?b%&éMetdﬂt?ﬁé saﬁwvghéis aémehrdaﬂ@eaee e B8eatafeRt Youtpact the
ef fectiveness of the cyclone system also did not change the pressure

drop across VRElARRIESHERMAE. A curved Pl exi gl as plate (not shown) was used
to cover the uppefpd pb&lis %mdmw AP bR SoBUhRY BeddiRe8fdRGE PowdPhigoed

inlet wndow in the commerci al
the presence of large particles in the clean outlet gas of the TSS without the
shields was caused by re-entrainmeni of already separated catalyst particles
20 from the setlling chamber. There was a strong degree of turbulence and
clockwise motion of separated particulates in the seilling chamber. The
gas/solids exit velocity from the cyclone was found to be higher than design
and, as a conseqguence, catalyst particles exiting were projected closely to the
entrance of the gas re-entry tubes of adjacent cyclones. The velocity of the gas
25  entering the cyclone through the re-entering tube was several orders of
magnitude higher than assumed for the design and this caused secondary re-
entrainment of catalyst particles from the settling chamber. Addition of shields
to the bottom of the cyclones was found to eliminate cross talk and reduced
secondary re-entrainment that eliminated the +10 micron particles from the
30 clean gas.
in addition to installation of the shield, the following two additional
modifications were found to improve operability of the unit: (1) enlargement of

the re-entry tube from nominal 1 inch to nominal 3 inches, causing a slight



unit. The results showed that plugging the inlet w ndow neither affected the
30 cyclone collection efficiency nor caused the |oss of +10 nlpartlclffj' 7
clean gas. However, it did increase the pressure drop across the inl'e 'B@
because all the gas passed through the | ower w ndow. 31 JAN 7007 26

Anot her test was conducted to investigate the effect of conpletely plugging
the swirl vanes 324 of some cyclones 322 while | eaving their dust exit

slot, re-entry tubes 322 and gas outl et }ubes open The test was run with

four functigning. c ones ng.cycl.on 3228,
Lour et o 8 2R R el BT 5 MR S SRR 255 ang
g'asI outl et | ldfuheSreLegﬂi]Eyf wpes.to Hheg; I’ailiil a)Sresrhm:edfhm§lrgmltfaifﬁ@m efimimatén the
cycl one coll ec efficien resul tin sharp i eas 0+ m
Parti ol es | ORI PLEGRgS.ST By 4Ry windoes crBredeeBs) SEPESRT G WY Bt Lggi ng
the swirl vapgacthé Cyggﬁngggoﬂn{hncgr@% aA$fianengol i ds short circuiting

bet ween the settling cha and the io outlet plenum 344. This created
a vacuumdef f%’(ﬁmﬂﬁét— dyeetheticalGatalyst Finesdust particles that usual |y stuck
to the walls and "%r%

collection in théﬁégtg? ;z?anrgﬁl%ﬁg%&éﬁé @H é'?ﬁ a%?% E%grﬁ%ﬂ%éslt%ﬁ% t hree
that were stastimade theadSOHerivvaneswib tar ysivihetical caialysifmeatdoompositiontie

cycl one syst S | te a in or mance.
L parci al - DiodRish By Y kel o B EHE' fofiThe B st "B B et
but it V\Du|Ld1lbeT1|pa$tmleiBIaHHbf5 10,120 amed)trmcrbnsnmeméhm@iagt toleatioroce i ng
descri bed above sho that, the esence, of artl | es.in the clean
out et g¥s cﬁ”dt'ﬂ%m?lv@oﬁ fh5leenges {Déﬁ’f’éﬁ’&?eﬁ/e@" c%ﬂ%laa ﬁ P?n?rbgisﬁﬂent of
al ready sepajyratiesl a4 Srorat theatsliclies ROdémMatd&hsdht inl rrgbrébaerbaﬁd 4There
was. a strong de ree of turbulence and clockw se notion of separated

parti cul at edEFPPNEYset t1i ng chanber. The gas/solids exit velocity from the
cyclone was found to be higher than design and, as a consequence, catal yst
particles eXTatUIéIQ %H@rrﬁéﬁﬁee&taeﬂsslv@tﬁ@hﬁ/srﬁéldé he entrance of the gas
re-entry tuges éhUI th 25-entefing the
cycl one t hr du 8Vders Ni t ude hi gher
t han assuned g gnt of
catal yst parti cI &s fromthewsettl i ng 2qhﬁrrber A§g|3t| on of sh egjds to the
bottom of the cyclones was found to elimnate cross talk and reduced

10 20 17.6 88.2 2.4
20 20 19.6 97.8 0.4
60 30 29.9 90.5 0.1

Table 4. Performance of a TSS with shielded reflux tubes.

(_, ' Pariicle Size  Feed Rate  Collection Efficiency Loss Rate to
(um) . {tb/hr) Rate (ib/hr) (%) Clean Gas (ib/hr)
5 30 29.5 98.4 0.5
10 20 20 100 0
20 20 20 100 ]
60 30 30 100 0
15 Without the shields, some large particles are re-entrained from the

collection chamber out of the cyclones. With shields instalied according 1o the

present invention, the re-entrainment is eliminated.



secondary re-entrainnent that elimnated the +10 mcron particles fromthe
30 clean gas. In addition to installation of the shield, the foll ow ngy Y 07
additional nodifications were found to inprove operability of the unll:xﬁ)ﬂ
enl argement of the re-entry tube fromnomnal 1 inch to nomnal 3 inches,
causing a slight 31 JAN 2007 27 decrease in the overall collection
efficiency of the TSS, but reducing a ndency of the re-entry tubes to
plug; and (2) renoval of the inlet baffle to elimnate possible pluggage of
the upper wifjgews Wwith refractory debris. This did not inpact the cyclone
performancé ITn the cold flow unit. 5 Exanples - Hypothetical Catalyst Fines
Anot her exanple of the effect of the shields on the TSS performance is to
estimat e t he TSAnpeversplngenaeater hevsinghy pplotaliti oflcyelened Y246)finneas extsmpdsi ti on
in theinlet g f . ' [ L Assum ng
uni form particl %%%llﬁz({gg%o l ?R) Tgsé}gl()&gaﬁgﬁ@kgcrlncét?%g‘% gat%klél%g?rf) ?eg’%lg&rl?grffnp\g

col I ecti on r at ehydvoarishnpfaed iscdaealytaly toackddelmnc@asct fdth airegbneehted draskidg

shi el ded reflux tuybes based, C on the data.fromthe cold fl ow podeling are
Shown | Tabl escRadn 3 crocking TR R PP OUS LTI B RS eSS

W thout shi el dseatdt@ditis feloBnePhtd® in @@zﬁal?ﬁtr@ge@ﬂa{&%hﬁﬁ% ok bi ﬁlb%ganja%%sfoﬁat eto
(Un) (Ib/hr) Rate (Ib/lgur) (%9 Cean Gas (Ib/hr) 30 24.1 80.3 5.9 10 20
17.6 88.2 2.4 pgozy ebcagalyst agd Gings frgp flye gantogprodics regeneryigdcatalyst Weich or mance

B ci oncy Loss bRt o ey b BSonl B0 (bbb Ry S8 SRR, )"
30 29.5 98. 4 0. fineslh2@in?he ERE@rid] s@Rra?ér 2ot Qeasb) pSidiod df IROfifks ooV t hout

t he shi el ds, sotrﬁe I arge p?lrti cles ar re-e.ntJf;:\i ned fromthe , .
e regencrator flue gas stream, characterized by the cyclones comprising:

a cyclone body (208) having a length, a longitudinal axis, an inlet end and an

outlet end;
a flue gas inlet (202) connective with the inlet end of the cyclone body;

a gas outlet tube (216) in the inlet end of the cyclone body for withdrawing gas

with a reduced fines content;

a longitudinal axis of the gas outlet tube aligned with the longitudinal axis of the

cyclone body;

a solids outlet (210) in the outlet end of the cyclone body for discharge of fines
and a minor amount of gas into a catch chamber (212} in a lower portion

of the external separator vessel;

a gas reflux opening (214) in the outlet end of the cyclone body for recycling a
portion of the gas discharged with the solids through the solids outlet from
the catch chamber back into the cyclone body; '

wherein the gas reflux opening is isolated from the flue gas inlet at the inlet end of

the cyclone body;



col | ection chanber out of the cyclones. Wth shields installed according to
the present invention, the re-entrainnent is elimnated. 31 JAN 200§1~ﬁﬁ2
Claims 1. An external separator housing a plurality of cyclones (20b) g%
external separator vessel (200) useful in a fluidized catalytic cracking
process wherein a hydrocarbon feed ii catalytically cracked by contact with
a regenerated cracking catalyst in a 8racking reactor to produce lighter
products and spent catal yst, spent catalyst is regenerated in a catalyst

regenerat or_hay 4@ A e RlhSRRARALAL SR e {;@geg\é 8 YorShe SRR BL4y2Nd

fines fromflue gas to produce regenerated cata ich recyc Yed to
t he cracki ng react oarcand theegpe nefhiatopenifig;ue gas contai ni ng catal yst fi nes,
wherein the external separator renoves at |east a portion of the fines from

the regener at o laipydaRichi HEREL GIRTAR RLLE Skea hecue La08R, BRIRR ST g 2

cycl one body ( avin ongl , d and an
outlet end; a flue d&sgasmntfbix c(pﬁﬂlﬁglmomeegbhouebutiyt h the [ nI et end of the
cycl one body; a gas outlet tube (216) in the inlet end of the cyclone body

for wthdr as ed f| nt e a . longit is of
the gas Ol.?[a | et l%teﬁrfvgi] G?Pélﬁat%(t E E ineaB?fi¥ l%%ltnﬁgca %a}lﬁne body;
a solids outl etsofidlélklet Borhprise®uh bﬁénn@g\ﬁl D& foY CArR0R ) AR¢h4reE oﬂﬁﬁ@sharge of
fines and a mnor anmount of gas _i1nto a catch chanmber (212) in a | ower

portion of thanéRiEperAMaEhel2es dito thesatchchambpis ref | ux opening (214) in the
outl et end of the cyclone body for recycling a portion of the gas

di schar god i Myl chod LSrdkdar4sin g 2S0AES cRUbd el b @i Akt chanber

back into the cyclone wherein the gas reflux opening i's | ated from
the flue gas ikt at the inlet end of the cyclone body; 31 JAN 2007 29 a
shield (222) extending downwardly fromthe outlet end of the cyclone body

around ¢ he, 925 gl i POSALAG oIATTEL Br LRSN3Rl b8 8L SaliGO™ D1 10

entrained I'n the gas r
comprises a cylindrical tube having a longitudinal axis aligned with the

longitudinal axis of the cyclone body and passes through a seal in the outlet end

of the cyclone body.

5. The external separator of claim 4 wherein the gas reflux tube tangentially

discharges gas reflux into the cyclone body.

6. The external separator of any one of claims 1 — 5 wherein the feed gas inlet

tangentially discharges gas into the cyclone body.

7. The external separator of any one of claims 1 — 6 wherein the feed gas inlet

axially discharges gas into the cyclone body.

8. The external separator of any one of claims 1 — 7 wherein the gas reflux opening
is a tube extending within the cyclone body from 0 to 1 cyclone body lengths and
extending outside said cyclone body into the catch chamber from 0 to 1 cyclone

body lengths.

9. The external separator of any one of claims 1 — 8 comprising swirl vanes fluidly

associated with the gas reflux opening.



the gas reflux opening into the cyclone body. 2. The external separator of
claiml wherein the cyclone body is cylindrical and the solids out;f .
conprises an opening in a sidewall for tangential discharge of fine At 17
m nor anount of gas into the catch chanber, 3. The external separator of
claiml or 2 wherein the gas reflux Oﬁgning conprises a hole. 4. The
external separator of any one of clai 1 - 3 wherein the gas refl ux opening
conprises a cylindrical tube having a longitudinal axis aligned with the

| ongi t udi ngl axvh% eszterrtaheep%ya@&rcatelattﬁ@ycomsmgeslsﬁgehm%lagtuﬁx%ﬁey nlt@ tifehe
outlet end of the cyclone body. 5. The external separator of ctlaim4
wherei n t he gasges wflugtubeube tangentially discharges gas reflux into the
cyclone body. 6. The external separator of any one of clains 1 - 5 wherein

t he feed S i | 7.
The exterﬂg[ sgggr ég%?%%ﬂhhﬁ(g%gﬁgﬁﬁ%ﬁgﬂﬁﬁg%ﬁﬁn%ﬂ%ﬂg%@?e %&ﬁﬁggag%s i nl et
axially dlscha@@e&ﬂgamﬂmnto the cycl one body. 8. The external separator of
any one of clalns - 7 wherein the gas reflux opening is a tube extending

within th cycl frontO t ycl one. bo t hs an ext di ng

out o1 de. s PRy ot fiehit SRR sgeiel Ffenesdt o raRE "Boay

I engths. 9. Theuwmr el fes@ Ras atlarbatl iadiie GPR1 B the| AdBdidectiod WGP FieSi Ng

sw rl vanes fIU|dIy associated with the gas reflux opening. 31 JAN 2007 30

10. The extern&bcle@pladyt or of claim 9 conprising a tangential gas reflux
entry into the gas reflux tube. If. The external separator of claim9

conpri si ngza tqmlgeé}&érﬂél 8rak @ btin® ot Jff AFinishe — 98S wheldidthd Ukiels &2. The
external separator of cla'm 11 wherein tangential discharges of the gas

reflux tube amulindiisal witllagegenilawetendot h i nduce spin in the sane direction
within the cyclone body. 13. The external separator of any one of clains 1

- 12 wh t ¢ o ] alh
external Sdpar v st PerR L L P W SRR e L0 Bl el arca

larger than the gas reflux opening.

15.  The external separator of claim 9 wherein the shield has a lower end below a

lower end of any lower end of the gas reflux tube.

16.  The external separator of claim 3 wherein an upper end of the shield is contiguous

with the outlet end of the cyclone.

17.  The external separator of any one of claims 1 — 16 wherein the shield terminates

at a lower end spaced above a dense phase of solids in the catch chamber.



| arger than the gas reflux opening. 15. The external separator of claim9
wherein the shield has a |lower end below a |ower end of any | ower en§1ojAN 2007
the gas reflux tube. 16. The external separator of claim 3 wherein an upper
end of the shield is contiguous wth the outlet end of the cyclone. 17. The
external separator of any one of clai ng 1 - 16 wherein the shield term nates
at a | ower end spaced above a dense ph Se of solids in the catch chanber. 31
JAN 2007 31 18. The external separator of any one of clains 1 - 17 wherein
the shields GoMpid &emAkkhdglor 6Rkny HRSS AENdI 1 Qewae%aéldfsrceﬁfigk&e sol i ds
outl et end of the cyclone body around the gas reflux openings. 19. The

ext er nal sepaylindoicalofubemgxtonting flowhwiandly from the salids o@lesrend aifrthe logcled el ds
have a di ane re th h as reflux openings and an open | ower end.
20. The ext e?’ﬁ‘ﬁa’fg“s) Ig&atr%étg%srl%gyﬁgf%l r%%19 wherein the | ower ends of the shields
term nate below a | ower end of the gas reflux openings and above a | evel of
dense phase 18oThaextemalt sepaatr oiff abpohe of 2lhimsThe- Exted n8lwieepatiat sthicldd cl ai m
19 or claim 20 vvh(i:rein the | ower ends of the shields d Qvendi g fromthe
cyclone bodi S AiATHAT eaier B e on e Us ABeRgsHRe o APPSR basin. 22,
The external separator of claim19 or claim20 wherein the heights of the

lower ends 0f. t1Re gaG@raelskpbtatoP@NicEH YRMhetdi®ThONGwEYEARNSE HR dadlasent
cyclones. 23. The external separator of any one of clains 1 - 17 and 18-22

wherein the teminga belowra lower spd ef the gas refirapentigs gadrabers a kaelofaser of

t he cycl one BH%iegélidsﬁr‘}theP&%rb%iﬂs for separating a gas-solids m xture,
conprising: "a closed bottomcyclone; a gas reflux opening in a | ower end of
the cyclone; a shield depending froma |ower end of the cyclone around the
gas reflux @penihagexteml s¥pesatapphiclatnud 9ok cldimi 30 Fherghictheilowerhends toif dhed i s
contiguous W . cl 0 rround fhe.gas refl enj ng., .26. The
appar at us of S 1?1&5 ﬁ?%e%&%%gfﬁ? trtlhet??éé Oélgggcrhg? felrjlﬁlr%&aﬁiaﬁautt{ge rnllesiéeslgl‘z‘it 't Slbeul ar
passage. 31 JAbhBHOY

22. The external separator of claim 19 or claim 20 wherein the heights of the lower

ends of the gas reflux openings vary from one cyclone to adjacent cyclones.

23. The external separator of any one of claims 1 — 17 and 18-22 wherein the

diameter of the shields is about the same as the diameter of the cyclone bodies.
24. Apparatus for separating a gas-solids mixture, comprising:

a closed bottom cyclone;

a gas reflux opening in a lower end of the cyclone;

a shield depending from a lower end of the cyclone around the gas reflux

opening,

25. The apparatus of claim 31 wherein the shield is contiguous with the cyclone to

surround the gas reflux opening.

26. The apparatus of claim 32 wherein the gas reflux opening comprises a tubular

passage.



32 27. The apparatus of claim 33 wherein the shield is a concentric tube
having an inside dianmeter |arger than an outside wall of the tubulangANZM?
passage, and wherein the tube term nates below a | owernost end of the
tubul ar passage. 28. A nethod for separating a gas-solid m xture,

conprising: a. introducing the nixturgzto respective inlets of a plurality
of adj acent closed-bottom cyclones; di schargi ng solids-lean gas from
upper ends of the respective cyclones; c. discharging solids containing

entrai ned gagy,f mamabaRgRsdralaifud %éreﬁ% the! SAYEA 1595!@611&‘?1&1&”'@1% %@iﬁgta}n\/e
cyclones; d. refluxing a portion of the entrained gas into the cyclones

t hrough r ef | inside disatntergargen thep dini Wtﬂlféﬁ/véfﬁll ehths whulahpassegepend wherepytheones; e.
Shl el di ng tht‘ﬁbé& Hfé%e?@@l%Wl%vJeﬁ%@tEllfheofttﬁ‘@%ﬁﬁ’%fﬁ%ssﬁét lets to inhibit cross-

al k. 29. Apparatus for separating a gas-so re according to the
nethod of claim 28, conprising: a. nmeans for introducing the mxture to
respective im.%medfodiop$mamtihgygaﬂ‘—soliddleiammt;ompﬁsimgi- bottom cycl ones; b.
means for discharging solids-Iean gas from upper ends of the respective
cycl ones; neans for.di cha s cont.ai ni 9. eptr
Cangentral out ers Aotk I hidhi 97 reRRscoli, 8 o BBy B sk o,
refl uxi ng a portionchked-bsttodntyctoneed gas into the cyclones through reflux
openings forned in |l ower ends of the respective cyclones; neans for

shi el ding the reflu eni n ron1th t angenti al utlets.to inhibit cross-
tal k. g )éls lg)arging gollc{s lean gas om upper endg of 81(: respective cyclones;

c. discharging solids containing entrained gas from tangential outlets at

lower ends of the respective cyclones;

d. refluxing a portion of the entrained gas into the cyclones through reflux

openings formed in lower ends of the respective cyclones;

¢. shielding the reflux openings from the tangential outlets to inhibit cross-

talk.

29. Apparatus for separating a gas-solid mixture according to the method of claim

28, comprising:

a. means for introducing the mixture to respective inlets of a plurality of

adjacent closed-bottom cyclones;

b. means for discharging solids-lean gas from upper ends of the respective

cyclones;

means for discharging solids containing entrained gas from tangential outlets at

lower ends of the respective cyclones;

means for refluxing a portion of the entrained gas into the cyclones through reflux

openings formed in lower ends of the respective cyclones;

means for shiclding the reflux openings from the tangential outlets to inhibit cross-

talk.



